The objective of this research is to estimate the annual and seasonal rainfall erosivity over Jordan based on three different regression models. Readily available annual and seasonal precipitation data with long records (40 -53 years) pertaining to 40 weather stations were utilized to estimate rainfall erosivity. The spatial distribution of rainfall erosivity over ) where the average annual rainfall approaches 650 mm. The correlation between annual and seasonal precipitation (mm) and annual erosivity exhibits a very strong relationship (R varies from 0.964 to 1.0, and all correlations are significant at 0.01 level [2-tailed test]). Moderate positive correlations were achieved between latitude (N) and the mean annual/seasonal precipitation (R ranges from 0.407 to 0.642, and all correlations are significant at 0.01 level [2-tailed test]). Spatial differences observed in erosivity, afforded a substantial source of information and maps for predicting erosion in Jordan. According to the present analysis, two parameters proved to be useful to predict rainfall erosivity on a national level. These parameters are the average annual precipitation, and latitude.
Introduction
Soil erosion in dry-Mediterranean, semi-arid, and arid zones of Jordan is attri-In situ field measurements of soil erosion were carried out in the dry-Mediterranean (Salt, W. Kufranja, and Jerash areas), semi-arid (the Muwaqar area), and arid (Azraq area) climate zones of Jordan. Measuring instruments were installed on small plots of varied environmental conditions, i.e., farming practice and the existence or absence of conservation measures i.e., tillage fields, fallow land, terraced fields, gradient, slope form and aspect [22] . The measured splash erosion for the dry-Mediterranean plots ranges from 3 ton•ha −1 •yr −1 to 21.5 ton•ha −1 •yr −1 [23] [24] [25] . Likewise, the measured splash erosion for the semi-arid plots varies from 2.59 to 16.3 ton•ha −1 •yr −1 [26] , and for the arid sites, it ranges from 2.8 to 7.39 ton•ha −1 •yr −1 [27] . By contrast, the measured runoff erosion ranges from 0.581 to 2.282 ton•ha −1
•yr −1 for the dry-Mediterranean plots,
1.05 ton•ha −1
•yr −1 for the semi-arid sites, and 0.14 ton•ha −1
•yr −1 for arid plots [23] [26] [27] . In the Shawbak-Wadi Musa area (southern Jordan), field measurements of soil erosion were performed using pegs and field splash cups. Soil erosion rates based on pegs range from 0.873 and 1.24 mm•yr −1 , whereas the measured splash erosion for the same sites varies from 1.39 to 30.15 ton•ha −1 •yr −1 [28] .
Continuous human interventions, including the expansion of agriculture on steep slopes, woodland cutting and continuous over grazing, progressive land fragmentation, rapid urbanization, and agricultural intensification are the main triggering factors underlying soil degradation in the rainfed highlands of Jordan [29] . It is obvious that serious soil erosion loss and high sediment yield rates are predominant in Jordan, and since soil loss data is inadequate for soil conservation planning, an estimation of rainfall erosivity (R-factor) from available rainfall data is of high priority, and can be used as an indicator of potential erosion risk, water resources planning, and watershed management. The R-factor in this context is considered a major input parameter for assessing soil erosion modeling using the universal soil loss equation (USLE) and the revised USLE (RUSLE) models. Information on rainfall erosivity can be calculated and employed as an indicator of the potential erosion risk in the country.
Rainfall erosivity is a numerical depiction of the potential that soil can be eroded by rainfall. It represents a key parameter for USLE and RUSLE modeling in soil erosion [30] . Several attempts have been carried out to estimate rainfall erosivity on a national scale. In this regard, India [31] [32] and Korea [33] [34] are the best examples. Recent applications of the rainfall erosivity parameter were extended beyond soil erosion modeling, sediment yield prediction, and water quality modeling. It was concluded recently that the accurate estimation of rainfall erosivity may supplement better modeling results [35] . According to the RUSLE model, soil loss from a cultivated field is directly proportional to a rainstorm parameter, if other factors remain constant. R-factor (or EI 30) in RUSLE is described as the "long-term average of the product of total storm kinetic energy (E) and the maximum intensity (I 30) for storm events" [35] [36] [37] . Such relationships help to quantify the impact of rain drops over a cultivated field and the rate of runoff associated with a storm event. Consequently, it is essential to employ rainfall data (Pluviograph data) to estimate the maximum rainfall erosivity for a given watershed, region, or on a national scale using the developed annual regression models, which proved to be sufficient to estimate long-term annual mean rainfall erosivity for RUSLE modeling. Annual rainfall data are available in Jordan at a reasonable spatial and temporal coverage with long records (>40 years). The estimated rainfall erosivity values coupled with the iso-erodent maps are considered a first approximation of rainfall erosivity in Jordan, and it can be utilized as an efficient tool for future soil conservation. Regression-based models were developed to estimate the mean annual rainfall erosivity; i.e., [32] [38]- [46] . Most of these simplified models are similar in that they utilized annual rainfall data, and each model was calibrated and optimized for aspecific area or region and included site specific coefficients [36] . Although these annual regression models are apparently oversimplified for the actual variation of rainfall erosivity, the estimated R-values are also generally rough estimates [46] . In the present investigation, three regression models were employed to estimate R-values in Jordan. Such estimation techniques showed a high and significant correlation between rainfall erosivity and mean annual rainfall at watershed, regional, and national levels (i. [39] , for example, reported a high correlation between mean annual rainfall and rainfall erosivity in Hawaii. Similarly, Jung et al. [38] concluded that a strong correlation was found between rainfall erosivity and annual rainfall over Korea.
Goovaerts [40] The objectives of the present study are:
1) Estimate rainfall erosivity using three different linear equations, and to assess the spatial distribution of annual and seasonal rainfall erosivity over the bio-climatic zones of Jordan.
2) Analyze the relationship between annual precipitation, rainfall erosivity data generated based on the three different models, and other site (weather stations) parameters (i.e., altitude [m], latitude and longitude).
3) Compare the resultant maps which illustrate the spatial distribution of annual and seasonal rainfall erosivity based on the three regression equation.
Study Area
The study area comprised all land areas of Jordan (hereafter Jordan). The target area lies between 29˚11'N and 33˚22'N and 18˚39'E and 19˚34'E, covering 88,778 [60] . Estimation of rainfall erosivity is of paramount importance for soil erosion assessment. R-values represent an indicator of rainfall aggression, and depend on both rainfall energy, raindrop size distribution, and kinetic energy (E), and the intensity of rainstorm event [50] . Rainfall in Jordan is characterized by a great spatial and temporal variability and often marked by high intensity. Thus, high intense rainstorms are common in both the northern and southern highlands, and in the eastern and southern arid zones. High rainfall intensity occasionally has caused severe flash-flooding and landslides with a large sediment load [15] . Most of the highland areas in central and northern Jordan have 20 to 50 rainy days/year. The amount of rainfall on any rainy day varies from 0.1 mm to a maximum of 150 mm. Several days can receive precipitation ranging between 20 -80 mm [60] .
The characteristics of rainstorm events affect rainfall erosivity, which increases with a greater occurrence of a few high intensity rainstorms. 
Materials and Methods
The most popular regression model employed to estimate the annual rainfall erosivity is the equation developed by Renard and Freimund [48] , which is as follows:
where R is rainfall erosivity (MJ mm•ha
•yr
) and P is the mean annual [67] . Similarly, Singh et al. [32] elaborated an annual and seasonal rainfall erosivity equation to predict soil loss in India, which was widely used in estimating annual and seasonal rainfall erosivity on national, regional, and watershed levels in India; i.e., [68] . Thus, Equations (2) and ( ).
Recently, Eltaif et al. [42] investigated the spatial distribution of annual rainfall erosivity in part of northern Jordan. They adopted a simplified procedure to correlate erosivity factor R values in both the universal soil loss equation ( Eltaif et al. [42] attributed the differences in R values between the weather stations in western and eastern parts of northern Jordan, to the differences in precipitation, rainfall intensity, and the monthly distribution of rainfall. Moreover, they suggested that although the pattern of rain distribution was almost the same regardless of rainfall amount, which implied that rainfall amount and intensity were more important rainfall parameters than the monthly distribution in contributing to erosivity. More crucially, the equations elaborated by Renard and
Fremund [48] can be comfortably accommodated with rainfall erosivity data of northern Jordan. Thus, the proposed equation of Eltaif et al. [42] shows sufficient reliability, and it could be more applicable for prevailing rainfall conditions in Jordan with respect to other equations developed elsewhere. In the present investigation, the authors applied the three regression equations mentioned earlier to estimate rainfall erosivity.
Three regression models were used to estimate annual and seasonal rainfall erosivity (MJ mm•ha and latitude (N) control rainfall erosivity, and to explain the pattern of rainfall erosivity was examined. Correlation analysis between average annual precipita- Through geoprocessing (Clip function), the contours which cover the entire area of Jordan were extracted, and finally the annual and seasonal rainfall erosivity maps were compiled.
Results and Discussion

Spatial Distribution of Rainfall Erosivity
The spatial distribution of estimated annual rainfall erosivity over Jordan is illu- (Table 3) . A remarkable variation is observed between the estimated rainfall erosivity values according to Eltaif et al. [42] , while the least variation is observed in R-values computed in terms of Singh et al. [32] . The influence of climate on annual rainfall erosivity can be observed in Figure 2 . As the country is dominated by an arid climate with low annual rainfall, the lower values are found in arid regions (BW), where the average annual rainfall is below 100 mm. Aqaba, Ma'an, Safawi, and Rwaished ( Figure 2 , •yr −1 with reference to the Eltaif et al. [42] model. According to the El-Swaify et al. [41] •yr −1 respectively. Although the four weather stations are categorized under arid (BW) climate, the calculated annual rainfall erosivity is varied, and prominent differences are found among these values. Additionally, the differences of R-values computed based on the equation of Singh et al. [32] and Eltaif et al. [42] equations are greater compared with the differences of R-values derived based on the equation of Eltaif et al. [42] and El-Swaify et al. [41] . Salt which are classified as Csa "dry Mediterranean" climate, where the highest annual rainfall in the country (mean annual rainfall ranges from 325 mm to 638 mm) occurs. Thus, the highest annual rainfall erosivity is attained over the northern highlands. The annual R-values according to the Singh et al. [32] equation vary from 267 to 305 MJ mm•ha
•yr −1 ( Table 2 ). In contrast, the annual R-values vary from 204 to 505 according to the equation of Eltaif et al. [42] .
Higher erosivity values here are highly inconsistent with the Eltaif et al. [42] model. This is not unexpected since the model has been elaborated and tested specifically on the northwestern highlands of Jordan including the weather stations mentioned above. Furthermore, the annual rainfall erosivity decreases noticeably with reference to the equation of El-Swaify et al. [41] , ranging from 199 to 262 MJ mm•ha
. High annual rainfall erosivity values over the northern highland are not only in accordance with R-values estimated using the Eltaif et al. [42] equation, but are also inconsistent with the results reported by Farhan et al. [20] , and Farhan and Nawaiseh [21] regarding soil loss prediction using the RUSLE approach in the highlands (Wadi Kufranja and Wadi Kerak watersheds respectively). Noticeable differences are affirmed between the annual R-value produced by the three equations. However, high erosivity values occur in Ajlune, Kufranja, Irbid, and Salt areas (northern Jordan); they are caused by a relatively high amount of precipitation, intensity and kinetic energy of rain, and also due to the predominance of high slope categories. A pronounced gradient in the annual rainfall erosivity is recognized to the east and south of the northern highlands, i.e., towards the eastern and southern desert. Analysis of winter rainfall erosivity confirms this observation, where the pattern of winter rainfall erosivity resembles the patterns of annual rainfall erosivity generated based on the three regression equations. Some 70% of the total precipitation occurs in winter (December-February), where the average winter rainfall varies from 209 mm to 407 mm in the Csa climate zone. Severe rainstorms are common, and associated with a maximum daily intensity of 2.1 -6.6 mm•hr −1 [6] [8] . Severe soil erosion is therefore predictable. Also, two peaks of rainfall erosivity are observed in winter and spring (March-April). The three maps (Figure 3 Table 2 ). Over the northern highlands, R-values calculated with reference to El-Swaify et al. [41] were close to moderate erosivity values ranging from 40 to
). It is obvious that the Singh et al. [32] model overestimates autumn rainfall erosivity, whereas Eltief et al. [42] underestimates autumn rainfall erosivity. The higher R-values obtained for the BS and BW climatic zones through utilizing the equations of Singh et al. [32] and El-Swaify et al. [41] vary from 81 -<100 and 40 -<50 MJ mm•ha −1 •h −1
•yr −1 respectively. In this regard, the spatial distribution of rainfall erosivity in autumn is determined by the spotty character of the rainfall [70] and convective thunder storms with some effect of orography (Schick [10] [71]). These types of rainfall are pronounced in autumn (October-November) and spring (March-May) thunderstorms and are influenced by the effect of the Red Sea trough [72] . In the eastern and southern desert of Jordan, heavy rainstorms normally occur at an annual average of four events [73] . By examining the spatial distribution of spring rainfall erosivity, two patterns can be identified regardless of the variation presents among R-values derived based on the three models (Table 2) . However, the equations of El-Swaify et al. [41] , and Eltaif et al. [42] showed the northern and central highlands as distinctive patterns, where the average spring rainfall range from 73 mm to 156 mm. In the recent past, Farhan [8] stated that rainfall seasonality and intensity were important factors not only in the occurrence of landslides, but also in maximizing rainfall erosivity in winter and spring [21] over the central and northern highlands of Jordan. Landslides as recorded indicate that shallow and deep-seated landslides are disrupted, or reactivated whenever the maximum rainfall in 24 hours approaches or exceeds 100 mm, and the total monthly rainfall exceeds 200 mm. Such conditions are repetitive phenomena in winter and spring. Another noteworthy result is that the estimated rainfall erosivity using the equation of Singh et al. [32] shows that the southern and northeastern desert appear as a perceptible pattern emerging in the rainfall erosivity map of spring (the average spring rainfall varies from 8 mm to only 80 mm).
Here, the impact of exceptionally heavy rainstorms, and the spotty and convective thunderstorms of spring explain the presence of such a rainfall erosivity pattern.
Relationship between Annual Precipitation and Rainfall Erosivity
The relationship between annual precipitation and annual rainfall erosivity for the 40 weather stations was examined. •yr −1 , and a maximum rainfall erosivity of 505 MJ mm•ha −1
•h −1
•yr −1 was estimated for Ajlune station (based on [42] ). The CV of annual precipitation is 51.9 for all the stations, whereas the CV of annual rainfall erosivity is 31.9
(based on [32] ), 81.2 (based on [42] ), and 39 (based on [41] ).
Regression analysis between R-values and annual precipitation (mm) with respect to three regression equation, reveals that the relationship between R-values and annual rainfall (mm) are positive and strong ( Figure 6 ). R 2 value is 0.98 for R-values estimated according to Singh et al. [32] , and R 2 = 1 for R-values achieved based on Eltaif et al. [42] and El-Swaify et al. [41] . Such a strong relationship has been verified by other researchers [36] [38] [39] . Table 4 illustrates Pearson's correlation matrix of annual/seasonal rainfall erosivity with reference to the three regression equations and other site parameters. The correlation between mean annual precipitation (mm) and annual erosivity exhibits a very [32] ; Eltaif et al. [42] ; and El-Swaify et al. [41] respectively (Table 4) . Regression analysis was also conducted to evaluate the rela- (Table 4) , where correlation values range from −0.011 to −0.157. Similarly, the correlation between longitude (E), and annual/seasonal rainfall and erosivity with reference to the three regression equations is very weak and negative as well. Generally, erosivity in Jordan decreases from the western highlands to the east towards the semi-arid and arid zones. In parallel, a sharp gradient is observed where erosivity decreases west of the high lands towards the Rift. Thus, no significant correlation is found between longitude (E) and annual erosivity (R values vary from −0.173 to −0.236) ( Table 4 ). To conclude, the annual precipitation (mm), and latitude parameters have a significant control over rainfall erosivity, whereas, other parameters (i.e., longitude and elevation (m)) show a weak, and/or negative correlation with respect to rainfall erosivity over Jordan.
Conclusion
Rainfall erosivity is a major parameter for USLE and RUSLE models, environmental processes, and climate change modeling. Simple linear regression models were developed and adopted in several countries to predict rainfall erosivity based on available annual precipitation data. In the present study, one regression mm. Accordingly, annual precipitation is still the most valid parameter to predict long-term annual rainfall erosivity for the entire country. To conclude, the simple regression equation which was proposed recently to estimate rainfall erosivity in northern Jordan, is proved to be trustworthy. All three regression equations employed were found effective in illustrating spatial changes of annual/seasonal rainfall erosivity with reference to corresponding variation in annual/seasonal precipitation. Regionally, the spatial variations in erosivity values afford substantial information/maps for predicting erosion in Jordan.
